The primary objective of this study was to assess determinants of vaccine uptake in adults living in Germany exemplified by one standard vaccination (tetanus) and one vaccination targeting specific risk-groups (seasonal influenza). Data from 21,262 telephone householdinterviews representative of the adult population in Germany were collected in 2009 and analyzed. A total 73.1% of the adult population had a sufficient tetanus vaccination status according to national recommendations (i.e. last tetanus shot ≤10 years ago). Influenza vaccination coverage in the target population (i.e. persons ≥60 years, chronically ill, healthcare workers) was 44.1%. Persons who received professional vaccination advice within the past five years were more frequently vaccinated against tetanus and influenza than persons without (p<0.001). Private physicians were identified as the most important source for vaccination advice. Having a statutory health insurance, last physician contact <1 year ago, and living in the eastern part of Germany were independently associated with higher tetanus and influenza vaccine uptake. Low socio-economic status, two-sided migration background, and the feeling of being insufficiently informed on the benefits of vaccination were independently associated with low uptake of tetanus but not influenza vaccines. Our results show that tetanus vaccination coverage in the general adult population and influenza vaccination coverage in the target population are unsatisfactorily low in Germany. Since physicians' advice has a major impact on the vaccination decision, physician reminder systems could provide a method to increase vaccination coverage in adults. For tetanus, information activities should target population groups with an increased risk of being undervaccinated.
Introduction
With the success of vaccines in reducing the burden of various diseases, the threat posed by these diseases is less imminent and the benefits of vaccination programs are becoming less obvious to the public. To achieve high vaccination coverage in the target population for which a particular vaccination is recommended poses a challenge to public health authorities. Reliable data on the incidence and trends of vaccine-preventable diseases as well as on vaccination coverage in the target populations are needed to evaluate and, if necessary, to adjust vaccination programs by implementing appropriate strategies. In this context, the assessment of the impact of socio-economic, regional, informational and other health-relevant factors on vaccination coverage is important to identify potential barriers to high vaccine uptake.
In Germany, the Standing Committee on Vaccination (STIKO) develops and endorses vaccination recommendations on a national level. 1 The sixteen federal states in Germany are responsible for the implementation of vaccination programs. Vaccines for adults are usually administered by general practitioners and in some companies also by occupational physicians.
There are two different health insurance schemes in Germany: the statuary health insurance (SHI) and the private health insurance (PHI) scheme. Approximately 90% of the German population is covered by a SHI. 2 STIKO-recommended vaccinations are free of charge for both, persons who are covered by SHI and by PHI. However, persons with PHI need to pay for the vaccine and its administration out-of-pocket, and reimbursement of these expenses takes place after the bills are submitted to the insurance company. In contrast, persons with SHI are not involved in any payments of the physician or the vaccines.
Tetanus and influenza are two diseases that can effectively be prevented by vaccination. In Germany, tetanus booster vaccination is recommended by STIKO to be given to all adults every ten years. 1 tetanus each year, which occurred mainly among elderly persons. 3, 4 However, the disease is notifiable only in 6 of the 16 federal states. Estimates of annual tetanus case numbers are therefore based on notification data from the respective states 5 as well as on case reports 4 and national hospital discharge statistics. 3 Influenza vaccination is recommended for defined target groups who have either an increased risk for severe influenza disease (e.g. person with chronic underlying diseases, pregnant women, and persons ≥60 years of age) or who are likely to transmit the virus to vulnerable groups (e.g. health care workers). 1 Depending on the intensity of influenza-activity there are between zero and approximately 30,000 estimated excess deaths attributable to influenza in Germany each year. 6 Germany has no central immunization registry. Data on vaccination coverage of children is systematically collected only at school entry when the children are between 5 and 6 years of age. 7 Information on vaccination coverage in adolescents and adults have mainly been available from a few smaller telephone surveys [8] [9] [10] [11] , from health insurance companies 12 and household surveys (Microcensus 2003) 13 , and are largely insufficient. Factors associated with tetanus and seasonal influenza vaccine uptake. Results of univariate and multivariate analysis of factors potentially associated with tetanus and seasonal influenza vaccine uptake are presented in Table 2 and Table 3 respectively. Several factors were independently associated with both higher tetanus and influenza vaccine uptake including having a SHI, having received a professional vaccination advice within the past five years, physician contact in the last 12 months, and caring about personal health. Unlike influenza vaccination coverage, tetanus vaccination coverage decreased with increasing size of the city of residency and with age. Women were significantly less frequently vaccinated against tetanus but not influenza than men. Having a two-sided migration background decreased the odds of being vaccinated against tetanus by 40% when compared to persons without migration background.
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Vaccination consultation and perceived information status. Receiving professional vaccination advice was independently associated with both, higher influenza and tetanus vaccine uptake (Tables 2 and 3 having received advice) when compared to persons with a medium or high socio-economic status (for all variables p<0.001).
Discussion
Due to the lack of an immunization registry in Germany, up-to-date country-level data on vaccination coverage in the general adult population and in specific vaccination target groups have to be assessed by surveys. 7, 16 With GEDA a large data source consisting of more than 21.000 interviews representative of the adult population in Germany is now available since 2009. It is the only data source for tetanus vaccination coverage in the adult population living in Germany for more than a decade. We were able to demonstrate that tetanus and seasonal influenza vaccination coverage in the target populations are unsatisfactorily low in Germany. Moreover, our study revealed a lack of knowledge in the population regarding information about the benefits and risks of vaccination, demonstrated the importance of private physicians as the main source of vaccination advice, and identified several potential barriers to tetanus and influenza vaccine uptake.
In accordance with other studies, [17] [18] [19] receiving vaccination consultation was shown to be a strong enabling factor for both high influenza and tetanus vaccine uptake in our study.
Persons who received a professional advice did not only feel better informed about the benefits but also about the risks of vaccination in general. Since only 56% of the respondents of this study received a vaccination advice in the past five years but 98% had visited a physician in this period, it is important to ensure that every contact with a physician is used to check vaccination status. Private physicians stood out as the main source of vaccination information and consultation for the general adult population. Therefore it is crucial to provide HCWs -especially private physicians -with information about vaccines and the respective vaccine-preventable diseases that is based upon current scientific evidence. 20 Furthermore, HCWs should be enabled to adequately advice and inform patients regarding vaccination. 24 In all three surveys a sufficient tetanus vaccination status was defined as having received the last tetanus shot ≤10 years ago. In our study we observed that tetanus vaccine uptake decreased with age. This observation was also made in other industrialized countries 24, 25 and is congruent to the fact that tetanus infections mainly occur among elderly persons in Germany. 4 Thus, particularly older age-groups should be the target of individual tetanus vaccination catch-up activities.
Another important finding of our study was that persons with a SHI were significantly more likely to have a sufficient tetanus vaccination status than persons covered by PHI. The same observation was made for influenza vaccination among persons with an indication for this vaccination. A possible explanation for this finding, which remained stable in the multivariate analysis as an independent factor, might be that in Germany it is more complicated and time-consuming for someone with a PHI to receive the vaccination and to get the expenses reimbursed. Persons with PHI need to pay for the vaccine out-of-pocket, and reimbursement takes place not until the bills are send to the PHI. In addition, persons covered by SHI usually receive a vaccine dose from the physician's stock, whereas persons with PHI sometimes need a prescription from the physician first, then they need to go to the pharmacy to buy the vaccine, and finally they need to go back to the physician for the administration of the vaccine.
In our study, having a two-sided migration background was identified as a barrier to sufficient vaccination information and consultation as well as to tetanus vaccination. The latter observation is concordant with the findings of the 'German Health Interview and Examination Survey for Children and Adolescents' (KiGGS), which revealed significantly lower tetanus vaccination coverage (defined as a completed primary series of tetanuspreventing vaccinations) in adolescents aged 14-17 years when compared to those without migration background (~89% vs. ~97%). 26 In the same survey insufficient vaccination coverage in adolescents (11-17 years) with migration background was detected for the vaccinations against Diphtheria, Haemophilus influenzae and Poliomyelitis, 26 and in foreign born children (2-17 years) for the vaccination against measles. 27 However, it should be noted that the sub-population 'persons with a two-sided migration background' is very heterogeneous. Therefore, the reasons for low vaccine uptake in this specific population are likely to be diverse.
Since STIKO-recommended vaccinations are free of charge in Germany, we did not expect that low socioeconomic status would be a barrier to basic vaccinations. Our results from multivariate analyses showed, however, that persons with a low socioeconomic status were significantly less often vaccinated against tetanus and received less frequently professional vaccination advice when compared to persons with a medium or high socioeconomic status. This was, however, different for influenza vaccine uptake, which was 7
percentage points higher in persons with low when compared to persons with high 13/25 socioeconomic status (significant in bivariate but not multivariate analysis). Further research with focus on potential barriers to adult vaccination in different sub-groups of migrants as well as persons with low socioeconomic status is therefore necessary.
In our study significantly higher vaccination coverage was found in the eastern part of Germany for both vaccinations under investigation. Possible reasons for this observation have been discussed in detail in previous publications. 8, 9, 14 In brief, mandatory vaccination practices in the former German Democratic Republic as well as differences in current implementation practices on the federal state level may contribute in general to a higher acceptance of vaccinations in the eastern federal states.
Our study has several limitations that need to be acknowledged. With 29.1% the response rate (Response Rate 3 as defined by AAPOR 15 ) was comparatively low. However, it should be mentioned that the chosen method of calculating a response rate is a very conservative approach and that the response rate in our study is comparable to other studies using this approach (e.g. CDC-Behavioral Risk Factor Surveillance System Report 28 ).
Considering the complex weighting procedures utilised in GEDA 2009 and the good cooperation rate (51.2%) 14 it can be assumed that data quality in terms of generalizability to the general adult population is overall good (compare Table 1 ). Since vaccination status was self-reported by the respondents it could not be corroborated by any medical records.
However, several previous studies have found that self-report of recent influenza vaccination has an adequate degree of validity. 29, 30 It is also likely that accuracy of self-reporting for having received a seasonal influenza shot for the last season differs from that for having received tetanus vaccination within the past 10 years. The estimates for tetanus vaccination coverage might therefore have been more prone to recall bias than those for influenza vaccination. Finally, persons with insufficient knowledge of the German language or persons who could not be interviewed via telephone were excluded from our study. (3) to work as a healthcare professional. Due to the study design, persons living in nursing or old people's homes, for which influenza vaccination is also recommended by STIKO, were included in the survey but not specifically asked if they live in such a home.
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Therefore, persons belonging to this target group were not identified and analyzed as a separate target group. Persons were regarded as vaccinated against tetanus if they reported to be vaccinated during the past 10 years. Persons were regarded as unvaccinated if they reported to have never received a tetanus vaccination or if the last tetanus shot was longer than 10 years ago. Persons were neither asked whether tetanus or influenza vaccination was offered to them nor if they actively declined a vaccination offer.
Socio-economic status levels were created as described by Lampert and Kroll on the basis of self-reported educational, income, and professional status of the interviewed person. 
